Abstract
perchlorate-reducing bacteria (PRB) for common resources, such as the electron donor, 15 space in biofilms, 15 and reductase enzymes. [16] [17] [18] However and regardless of possible 63 complications, simultaneous microbial respiration of NO3 -and ClO4 -has been reported.
19-

64
20 Furthermore, the need to manage the microbial communities in the system becomes even more pressing when in addition to NO3 -and ClO4 ) also are present in the water to be treated. al. 21 and Zhao et al. 23 In brief, the two-stage MBfR was composed of two 500-gallon shows the side reactors with their connections for water and H2.
147
The pilots were set up to treat a site historically used for munitions and explosives the goal of minimizing the abundance of SRB in the lag MBfR. 21 The H2 pressure and 153 influent flow rate were adjusted according to the conditions in held probes. 21 The pH during operation was maintained between 7.4-7.8. The maximum
168
H2 delivery capacity was calculated according to Tang et al. 31 and reported in Table 1 .
169
Our work is complementary to the work reported by Zhao et al. 23 , and both studies are 170 built on the field demonstration described by Evans et al. TTGACGGGGGCCCGCAC-3') and 1492R (5'TACCTTGTTACGACTT-3'). 33 We 182 processed the raw data using QIIME 1.7.0 suite 34 
188
Potentially chimeric sequences were identified by using ChimeraSlayer, 38 and a python 189 script in QIIME was employed to remove the chimeric sequences. We assigned 190 taxonomy to OTUs with BLAST using the SILVA database 39 was greater than from Conditions 1 and 2, which had a higher acceptor loading. (Table 2 ) with the community analysis by
240
PCoA. Conditions 3 and 4 had importantly decreased average acceptor loadings (Table   241 1), and SO4 2-reduction increased significantly ( (Table 2) . . Figure S1 shows that closely related
289
Thiothix phylotypes, which belong to the Thiotrichales order, were abundant at
290
Conditions 3 and 4, and they might have imposed a risk for fouling the membranes due to 291 its filamentous growth. 49 Thiothrix can accumulate S granules in its interior from the 292 oxidation of H2S and form rosettes, which are arrangements of filaments. reduction. 33, 45 . Likewise, the relative abundance of "unclassified" bacteria and minor 307 phylotypes (microbial groups at <1% abundance) (not shown in Figure 3 ) went from an 308 average ~3% in Condition 1 to ~8% in Condition 4. The upswing of heterotrophs,
309
unclassified bacteria, and minor phylotypes was the foundation for the increase in the 310 microbial diversity with decreased acceptor loading (Table S1 ). The greater abundance 311 of other groups and SRB certainly imposed more competition for space in the biofilm,
312
forcing PRB to less favorable positions in the biofilm (zones more likely to detach).
24,46
313
Recently, Martin et al. 53 employed modeling to explain how increased detachment 314 hindered MBfR performance. Thus, increasing diversity in the biofilm was correlated 315 with poorer performance for ClO4 -reduction.
316
Fourth, the DB and PRB groups showed important shifts with acceptor loading.
317
In Conditions 1 and 2, Rhodobacterales were dominant; however, the most abundant DB Xanthomonadales order, were common to all biofilm samples, remaining in the biofilm 321 regardless of competition (Fig. S1 ). In contrast, Rhodobacterales declined dramatically We calculated the electron acceptor loading rates according to:
where Q = volumetric flow rate (L/day), A = membrane surface area (m 2 ), and S° is the influent concentration (g/L) for an electron acceptor. Each electron acceptor loading value was normalized to g H2/m 2 day based on stoichiometric relationships described elsewhere. 15-23-25 Total electron-acceptor loading was calculated as the sum of the loadings for O2, NO3 -, ClO4 -, and SO4 2- . The average electron acceptor loading was calculated from the lead and lag total electron acceptor loadings at each condition. The lead and lag positions were switched every three days; therefore, an average estimate of the acceptor loading is valuable. The HRT was the same for each reactor regardless of the position. The electron acceptor fluxes were reported elsewhere. 23 The maximum H2 flux was calculated as Tang et al. 31 and the oversupply of H2 corresponded to the maximum H2 flux minus the total H2 experimental flux. Figure 1 a Pilot MBfR module which shows the ABS core and woven fabric. The water and H2 flows are pointed by arrows. b&c show side reactors which were sent to ASU for community analysis. The side reactors were operated as the pilot MBfRs. b shows the water lines feeding the side reactors, and c visualizes the gas connections for the H2 fed, and a closer look of the biofilm in the fiber sheet.
21
Figure 2
Clustering based on the unweighted UniFrac analyses. The branch length represents the distance between biofilm samples in UniFrac units, as indicated by the scale bar. The labels on each branch indicate the biofilm sample of either lead or lag MBfR at the four conditions applied to the reactors. The blue branch correspond to the reactors operated at high electron acceptor surface loadings (Conditions 1 and 2), while the red branch reflect the microbial community performing under low total electron acceptor surface loading (Conditions 3 and 4).
Figure 4
Microbial community structure in lead and lag MBfRs at the order level. The sum does not add up to 100% in all cases because phylotypes < 1% are not shown. The brackets in the legend group the orders according to known members of the noted metabolic groups. DB/PRB phylotypes are shown which hatched fills that clearly show a decline from Condition 1 to Condition 4. Some members of the "heterotrophic microorganisms," are capable of denitrification under specific circumnstances, such as when using acetate as electron donor and carbon source. 48 24
